28-day outcomes, and to assess correlations between clinical characteristics and 28-day outcomes. Methods Twentytwo patients presenting with acute ischemic stroke and persistent neurological defi cits at EEG recording were incrementally included. At 28 days after admission, the modifi ed Rankin scale (mRS) was used to evaluate the outcomes, based on which the patients were divided into two a posteriori groups, mRS = 6 and mRS <6. Student's t-test was used to compare these two groups in terms of brain symmetry index (BSI), National Institutes of Health stroke scale (NIHSS), Glasgow coma scale (GCS) and acute physiology and chronic health evaluation II (APACHE II) assessed at admission. Then EEG parameters, NIHSS, GCS and APACHE II were correlated with the mRS. Results There were signifi cant differences in BSI, NIHSS, GCS, and APACHE II between the two groups. Survivors had lower BSI, NIHSS and APACHE II, and higher GCS values, compared with patients who died within 28 days after admission. Besides, BSI at admission had a positive correlation with mRS at 28 days (r = 0.441, P = 0.040). NIHSS and APACHE II were also correlated with mRS (r = 0.736, P <0.000 1; r = 0.667, P = 0.001, respectively). GCS at admission had a negative correlation with mRS (r = −0.656, P = 0.001). Conclusion A higher BSI predicts a poorer short-term prognosis for stroke patients. Acute EEG monitoring may be of prognostic value for 28-day outcomes. The early prediction of functional outcomes after stroke may enhance clinical management and minimize short-term mortality.
Introduction
Stroke is a major cause of adult death and disability worldwide. Early and accurate assessment of the prognosis may improve stroke management. There are many tools to evaluate prognosis, such as the National Institutes of Health stroke scale (NIHSS), the Glasgow coma scale (GCS) and acute physiology and chronic health evaluation II (APACHE II). The NIHSS is a stroke-specifi c quantitative scale which shows excellent clinimetric properties in terms of reliability and validity [1, 2] ; it is known to be effective in predicting the likelihood of recovery. The GCS is widely used to describe the consciousness level of head-injured patients and has been validated for its inter-observer reliability [3, 4] . The APACHE II score consists of three components: age, acute physiologic score, and chronic health. The total APACHE II score ranges from 0 to 71; higher scores imply more severe disease and a less favorable prognosis [5] . Previous studies have described a relationship between APACHE II and 30-day survival in patients who receive transjugular intrahepatic portosystemic shunts [6] and those with acute tubular necrosis [7] . However, NIHSS, GCS and APACHE II all evaluate patient conditions through external signs, which occur after the internal changes. In severe stroke patients who are unconscious, general clinical examinations may be insufficient and fail to constantly monitor their condition. Early detection of changes and effective intervention are essential for the clinical management of stroke. The continuous electroencephalogram (CEEG) is the most sensitive neurodiagnostic tool for detecting acute cerebral ischemia [8] . Studies of intraoperative EEG monitoring and animal models have shown that EEG changes occur within 5 min of acute cerebral ischemia [9] . Among the EEG parameters, the brain symmetry index (BSI) is one of the most frequently used and has been demonstrated to be useful. Previous studies have shown a positive correlation between BSI and the NIHSS, and that CEEG monitoring using the BSI is technically feasible and provides realtime information on the effect of thrombolysis in acute hemispheric stroke patients [10] . [12] . With reference to the linked earlobes, we used a 16-channel EEG system
C4-A2, T3-A1, T4-A2, P3-A1, P4-A2, O1-A1, O2-A2, T5-A1 and T6-A2). Initial recordings were performed using a Brain Lab EEG system (Cadwell 32-channel EEG amplifi er Easy II) with a 12-bit A/D converter at 100 Hz and a bandpass frequency of 0.53 to 50 Hz. Impedance was kept below 5 kΩ to reduce polarization effects. seconds on each entire screen) were selected from each segment for every subject. The spectral density was trans-formed by fast Fourier transform and BSI was computed as the mean value of the whole recording.
EEG data processing
The BSI is an improved marker of ischemic damage in patients with acute ischemic stroke. It is defi ned as the mean of the absolute value of the difference between the mean hemispheric amplitude spectra and has a value between 0 and 1 [13] . As a measure of symmetry, we considered the spectral densities of the right and left hemispheres in the frequency range from 1 to 20 Hz, and the frequency bands over all channels are delta (1-3 Hz), theta (4-7 Hz), alpha (8) (9) (10) (11) (12) (13) and beta (14-20 Hz) [14] . Therefore, for the amplitude of a signal obtained from a particular hemispheric channel pair i (i =1, 2, …N) at frequency j (or the Fourier coeffi cient, with index j = 1, 2, . . . , M), we write R ij (t) and L ij (t) for the right and left hemispheres. The BSI is then defi ned as: (1) where N is the number of channel pairs, M is the number of Fourier coeffi cients, and t is the time variable indicating the time point of sample. All procedures were written and implemented in Matlab 7.0. They were thus assigned into the corresponding groups according to the mRS score. There were no signifi cant differences between the two groups in demographics, consciousness or history of disease (Tables 1 and 2 ). mRS28d: modifi ed Rankin scale score on day 28 after admission. No significant differences were found between patients with different outcomes (mRS28d < 6 and mRS28d = 6) in demographics, consciousness and history of disease.
Statistical analysis

Comparison of BSI between stroke patients and
healthy participants EEG data from the seven control participants were analyzed and compared with those from the stroke patients. The median BSI in the controls (0.060, interquartile range 0.007) and that in the stroke patients (0.066, interquartile range 0.005) were signifi cantly different (Z = −3.771, P <0.001; nonparametric test).
Comparisons of BSI, NIHSS, GCS and APACHE
II between patients with different outcomes The t-test
was used to compare the BSI, NIHSS, GCS and APACHE II scores at admission between the mRS = 6 (n = 6) and the mRS <6 (n = 16) groups (Table 3 ). There were signifi cant differences between the groups in all four measures; the survivors had higher GCS, lower NIHSS, lower APACHE II, and lower BSI scores than those with mRS = 6 at 28 days after admission.
Correlation analysis of clinical parameters with mRS
Correlations between BSI, NIHSS, GCS and
APACHE II NIHSS at admission was correlated with GCS (r = −0.920, P <0.000 1), which remained signifi cant after controlling for APACHE II (r = −0.732, P <0.000 1).
NIHSS was also correlated with APACHE II (r = 0.868, P < 0.000 1), but this was not significant after controlling for GCS (r = 0.400, P = 0.072). APACHE II was negatively correlated with GCS (r = −0.842, P <0.000 1), which remained signifi cant after controlling for NIHSS (r = −0.237, P = 0.030). No correlations were found between BSI and the other parameters (Tables 4 and 5 ). "Survived" equals the mRS28d <6 group; "Died" equals the mRS28d = 6 group. APACHE II, acute physiology and chronic health evaluation II; BSI, brain symmetry index; GCS, Glasgow coma scale; mRS28d, modifi ed Rankin scale on day 28 after admission; NIHSS, National Institutes of Health stroke scale (0-42 points). 
Correlations between clinical parameters (BSI, GCS, NIHSS and APACHE II) and mRS BSI, along
with NIHSS and APACHE II at admission were positively correlated with mRS, whereas GCS at admission was negatively correlated with mRS (Table 6 ).
Discussion
BSI captures a particular asymmetry in spectral power between the two cerebral hemispheres and has been implemented as an additional criterion for determining the need for shunts in carotid endarterectomy [13] . BSI can serve as a valid and readily observable indicator of stroke prognosis when combined with other clinical indicators, and can also help doctors to evaluate the condition of patients [10, [15] [16] [17] [18] . The lower bound value for the BSI is zero (perfect symmetry for all channels), and the upper value is 1 (maximal asym-metry) [10] . In healthy controls, the BSI is 0.042 ± 0.005 [17] .
The median BSI in our study was 0.006, which is higher than that reported in a previous study [17] , but there was also a signifi cant difference in BSI between stroke patients and healthy controls.
In addition, we compared the BSIs of stroke patients with different outcomes and explored the correlation between BSI and mRS. The BSI was signifi cantly higher in patients with mRS = 6 (0.070 ± 0.004) than in those with mRS <6 (0.065 ± 0.002), implying that higher BSI scores predict a poorer short-term prognosis. In addition, a statistically signifi cant Pearson correlation (r = 0.441, P = 0.040) was found between BSI and mRS.
To the best of our knowledge, this study is the fi rst to explore the correlations between BSI, GCS and APACHE II. However, no correlation was found between the BSI and other evaluated parameters. Unlike the previous studies, we did not fi nd a correlation between the BSI and NIHSS, which may be for the following reasons. First, the patient conditions differed from those in previous studies. In our study, half of the patients experienced disturbances of consciousness and presented with higher mean scores on the NIHSS than the subjects in the previous study. Second, our study included 10 patients with posterior circulation strokes. As a symmetry index, the BSI is used mainly in patients with a unilateral stroke in the anterior circulation, and previous studies focused primarily on unilateral stroke in the territory of the middle cerebral artery. [19, 20] .
In our study, we took the asymmetry as a total value for all pairs of electrodes and frequency bands and ignored differences among bands, brain areas and whether the unilateral stroke was on the left or right. This may be another reason for the reduced BSI values compared with the previous study, and the signifi cance of BSI as a total value for all pairs of electrodes and frequency bands raises is a new question. Nevertheless, the results revealed differences in BSI between patients and healthy people and between patients with different outcomes.
However, our study had several limitations because it was a preliminary exploratory study involving posterior circulation stroke using BSI. In addition, compared with previous work, the condition of the patients was relatively poor, as indicated by the mean NIHSS of 17. Because only one surviving patient had an mRS <2 and a Barthel index >60, we did not perform receiver operating characteristic curve regression analysis, which can accurately illustrate the prediction of hospital mortality risk for critically ill, hospitalized stroke patients.
